Introduction
Recent starch grain analysis in Southwest Asia has provided insight into new areas of research such as beer brewing in ancient Egypt (Samuel 1996) and the diets of middle Holocene farmers (Henry and Piperno 2008) , Upper Paleolithic hunters and gatherers (Piperno et al. 2004) , and Neanderthals (Henry et al. 2011) . Despite these promising strides in archaeological research, much remains to be done in regards to discovering which plants produce starches in Southwest Asia and whether or not these starch grains can be used to aid archaeological and paleoecological endeavors. In this paper I seek to understand the research potential of archaeological starch grain research in Southwest Asia by: 1) centralizing where starch grain information about Southwest Asian taxa can be found; 2) examining 64 previously unstudied taxa from 22 families to assess their production patterns; and 3) examining the diagnostic potential of starches found in these new taxa if present.
Organization of Comparative Southwest Asian Publications
The most comprehensive and detailed information about Southwest Asian taxa are embedded within archaeological site reports from this region. These publications provide the best source of data because they cover almost all of the domesticated Southwest
Research Communica on Messner (2011) analyzes starch grains in seeds and underground storage organs (USOs) produced by taxa that grow in the Delaware River valley, USA. Two of these taxa, Typha latifolia L. (cattail) and Cyperus esculentus L. (yellow nutsedge), are also found in Southwest Asia (Davis 1965; Migahid 1988 ). Finally, a few Southwest Asian taxa are discussed in experimental archaeological publications where researchers examine how food-processing activities affect starch grain morphology and how these changes can be detected archaeologically Henry et al. 2009 (common vetch) and Vicia ervilia (bitter vetch), have received little attention. Reichert (1913) provides the most comprehensive analysis of starch grains produced by taxa and remains one of the seminal publications used by many paleoethnobotanists. In this publication, he reviews the state of starch grain research at the beginning of the 20 th century, discusses the chemical and physical properties of specific taxa, and provides an assessment on how these taxa can be identified based on their chemical and physical characteristics. Many of the taxa that he describes are found in Southwest Asia and can be referenced by comparing the list of species he covers with the species listed in one of the regional floras such as the Flora of Turkey and East Aegean Islands (Davis 1965) .
Materials and Methods

Selecting species for analysis
Sixty-four species representing 22 families that currently grow in Syria were collected from Professor Joy McCorriston's extensive Southwest Asian herbarium collection at Ohio State University. The 64 species were subdivided into their constituent parts resulting in eighty-two samples (Tables 2 and 3 ). These samples included seeds, pericarps, synconia, legumes, and legume capsules. In this study, the generic term "seed" is used for simplicity. No leaves, stems, or small roots (con nued from previous page) 
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were analyzed because they rarely produce large storage starch grains (Haslam 2004) . Underground storage organs of important wetland taxa from the Cyperaceae family (Ryan 2011) were not available for analysis because they are difficult to store and are rarely found in herbarium collections.
Processing the samples
Samples were cleaned according to the protocol outlined by Pearsall (2000: 436-437) , cut into small pieces using a sterile scalpel, or gently crushed using a sterile mortar and pestle. Very little pressure was applied when using the mortar and pestle to minimize potential damage to the starch grains. Two drops of a one to one glycerol/distilled water mix were placed on a 25 × 75 × 1mm microscope slide for each comparative sample. This medium was chosen, as opposed to a more permanent medium such as Permount or Entellen, in order to allow potential starch grains to be rotated when examined. The sample was gently covered with a microscope cover slip and the edges were sealed using finger nail polish and allowed to dry before being examined.
Recording methods
Samples were examined at 500× magnification using a Zeiss AxioStar Plus microscope. Each starch grain was given an identification number, described according to terms defined in the International Code for Starch Grain Nomenclature (ICSN 2014) and measured using NIS Elements software. Photos of individual starch grains were taken at the Environmental Archaeology Lab at University of Texas. In order to minimize researcher bias, starch grains were chosen at random for description by using the random number generator function within Excel to provide x and y coordinates on the microscope stage. Fifty simple or half compound starch grains were described and photographed when present for each sample. Compound and aggregate starch grains were noted although excluded from the total count because clustering would often obscure their optical attributes making the individual starch grains difficult to describe and quantify. Starches less than five microns were typically omitted because their optical attributes were often hard to distinguish. Starch grains less than five microns in length were only counted in instances where they constituted the bulk of the starch grains produced.
Results
Ten of 64 species produced starch grains. All of the starches were produced in the seeds with the exception of Moringa peregrina (Forssk.) Fiori (Yusor tree) that concentrated its starch in the pericarp (Table 2 ). The 54 species that did not produce starch grains were from wild taxa that were related to the domesticated grains and legumes or from other types of domesticat- ed taxa (Table 3) . These taxa produced seeds that were very small and contained almost no starches.
Cyperus esculentus
The starches formed within Cyperus esculentus (yellow nutsedge) seeds have a mean length of four microns, range in size from one to eight microns and are mostly ovoid in shape (Figure 1a , b). They differ markedly in size and shape from the starches produced in the tuber or root-stock, which have an average length of 12 to 14mm and are conical to oval in shape (Reichert 1913) . The seed starches are diagnostic to Cyperaceae because of their size and rounded, oval, compressed lenticular, angular, or polyhedral shapes that are commonly associated with other Cypereraceae seeds discussed in Reichert (1913) .
Vicia ervilia
Vicia ervilia (bitter vetch) starches have an average length of 16mm and range in size from five to 27mm (Reichert 1913) (Figure 1c, d) . Vicia ervilia starches from seeds can be identified to the family level because they exhibit what Reichert (1913) refers to as "bean type" features (spherical to ovoid in shape, half to as broad as long, slightly compressed with a distinct longitudinal cleft) that are characteristic of the Fabaceae (Leguminosae) family. These starches are mostly ovoid to elliptical and reniform shape and have deep longitudinal clefts.
Moringa peregrina
Moringa peregrina starches are mostly angular rounded, range in size from four to 27mm, and have an average length of ten microns (Figure 1 . e, f). It is hard to determine if these starches are diagnostic because there are no close relatives discussed in Reichert (1913) or any of the other publications mentioned in this study. More studies should be conducted on Moringa and closely related taxa to determine the diagnostic status of these starches. It is important to note that starch grains were extracted from the pericarp of the M. peregrina sample, and not the seed. This species suggests that tissues surrounding the seed, and not just the seed itself, need to be studied when conducting comparative starch grains research.
Aegilops crassa, A. triaristata, Hordeum distichon, Triticum durum, and T. compactum The seeds from the species Aegilops crassa (Persian goatgrass) (Figure 2a, b Research Communica on grass) (Figure 2c, d) , Hordeum distichon (two-rowed barley) (Figure 2g , h), Triticum durum (durum wheat) (Figure 2k , l), and T. compactum (club-wheat) ( Figure  2m , n) in this study all exhibit features that are diagnostic of the tribe Triticeae within the Poaceae (Gramineae) family. In general, starch grains from this tribe have simple, lenticular, oval, kidney (reniform) or dicoid in shapes with small reticulate surface depressions (Piperno et al. 2004; Yang and Perry 2013) . The five Triticeae taxa that yielded abundant starch grains within this study exhibited all of these features Seed starch grains from Aegilops, Hordeum, and Triticum taxa (AHT) and the Triticeae tribe are also much larger in general than the seed starch grains from non-Triticeae taxa. This feature can be used to identify individual starches at least to the tribe level when shape and size attributes are analyzed together. The mean length for the Poaceae starch grains observed in this study follow the pattern observed by Piperno et al. (2004) where AHT taxa can be distinguished from other grass taxa, such as the Pennisetum americanum, based on their overall large size (Table 4) . The average length of the 18 AHT seed starch grain taxa in Table 4 with a sample size of 50 is 17.7mm with a standard deviation of 5.7mm. This length is well above the average length of the 15 non-Triticeae with an average of 5.1mm and a standard deviation 2.6mm. Recent work by Yang and Perry (2013) on 38 grass species from China supports this hypothesis and goes one step further, suggesting that all members of the tribe Triticeae produce larger starches relative to other Poaceae.
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The one non-Triticeae grass in this study that yielded abundant seed starch, Pennesitum americanum yielded semi-compound to compound, flat, angular, or irregular shaped starch grains (Figure 2. i, j) . This compares well with other studies of non-Triticeae grasses such as Bromus sp. and Pipatherum sp. where similar features were observed (Piperno et al. 2004 ).
Discussion and Conclusions
Chemical and physical properties of starch grains from over 100 species from Southwest Asia have been published in archaeological reports and food and plant science literature. An additional 64 species were examined here, ten of which produced abundant starch grains in their seeds and pericarps that are diagnostic at the tribe, family, and potentially genus and species level. This project adds to the growing body of knowledge regarding archaeological starch grain analysis in Southwest Asia by centralizing the published comparative literature for this region and describing the starches produced in domesticated and wild taxa.
The starches from Cyperus esculentus seeds are Research Communica on distinct from the starches produced in its tubers but are similar to the seeds of other related taxa within the Cyperaceae family making them diagnostic to this family. Vicia ervilia starches exhibit "bean type" features and can be identified to the genus and species level due to their small size and Fabaceae (Leguminosae)-like properties. Although the diagnostic ability of Moringa peregrina starches remains unclear, their production in the pericarp, and not the seed challenges assumptions originally made in this project, and in the general literature, about perceived starch production in particular plant parts and illustrates the importance of testing every part of a plant when possible. Finally, the Poaceae taxa in this study can be distinguished from each other at the tribe level by size and overall shape. Centralization of information about taxa that produce starch grains will help specialists narrow down identification of unknown starch grains encountered in the archaeological record. The discovery of starch grains within important domesticated taxa such as Hordeum distichon, Triticum durum, and wild taxa such as Cyperus esculentus provides a clearer understanding of what can be identified within Southwest Asia and within these families and genera.
There are many avenues of comparative starch grain research that can be pursued to better aid archaeologists in their reconstruction of plant use in Southwest Asia. With a few exceptions, very little research has been conducted on starch grains produced by underground storage organs such as bulbs, corms, rhizomes, and tubers (Henry et al. 2009 (Henry et al. , 2011 Messner 2011; Piperno et al. 2004; Reichert 1913; Yang and Perry 2013) . Macrobotanical and phytolith evidence suggests that wetland taxa played an important role as a source of food in Southwest Asia during the Epipaleolithic (Wollstonecroft et al. 2008 ), Pre-Pottery Neolithic (Balbo et al. 2012) , Pottery Neolithic (Rosen 2005) , and Ubaid (Kennett and Kennett 2006) periods. Aside from the research by Hather (1991 Hather ( , 1993 , very little work has been conducted to establishd criteria for identifying underground storage organs at archaeological sites. Recovering and identifying starch grains associated with USO's would open a whole new avenue of research into wild resource exploitation, complement existing datasets, and allow for archaeologists to explore new topics through the analysis of starches contained in artifact residues and dental calculus.
The research on Triticeae taxa from China (Yang and Perry, 2013) and taxa from the Delaware River Valley, USA (Messner 2008 (Messner , 2011 are excellent examples of how a regional synthesis can lead to the construction of standardized dichotomous keys for a region. In both of these papers, the researchers develop an easy to use dichotomous key that allows for quick identification of archaeological starch grains. Further research into starch grain production patterns of other taxa found in Southwest Asia and the identification of Southwest Asian taxa discussed in Reichert (1913) 
